Identification of disulphide bonds in the refolding of bovine pancreatic RNase A.
Comprehension of the rules that govern the folding process is still far from satisfactory, though it is nevertheless clear that all the information required to define the folding is encoded in the amino acid sequence. In proteins that contain disulphide bonds, folding is associated with disulphide bond formation. Protein species with different numbers of disulphides tend to accumulate during the process; these species can be trapped in a stable form, by quenching any remaining free SH groups, and then characterized in order to identify the disulphide bonds formed. The refolding pathway of reduced and denatured RNase A has been studied using mass spectrometric strategies which allow identification of the formation and rearrangement of disulphide bonds during the process. When reoxidation was carried out in the presence of B M urea, producing the classic "scrambled' RNase, three native and 11 non-native disulphide bonds were identified. When the reoxidation was performed under nondenaturing conditions, the formation of several well defined non-native as well as native S-S bonds was observed at early stages of the refolding process. Under appropriate conditions, all four native disulphide bonds were identified at later stages of refolding and non-native disulphides were greatly diminished or non-existent. This stage corresponded with the almost complete recovery of biological activity of the protein. The results presented here show that both native and non-native disulphide bonds are formed during the refolding of reduced and denatured RNase A in vitro under different experimental conditions. Essentially 14 disulphide bonds were observed of the 2B theoretically possible cysteine couplings. Although this number constitutes a significant fraction of the theoretical total, the occurrence of only a subset of disulphides clearly indicates that the formation of the S-S bridges does not occur at random, even when reoxidation takes place under denaturing conditions.